Introduction
Diabetes often leads to other complications, and among them the diabetic kidney disease constitutes one of the main causes of death in diabetic patients. 1 In the diabetic kidney disease, at the earliest stage renal hyperfunction and hypertrophy are present, but later a persistent albuminuria and a progressive decline in the glomerular filtration rate appear. 2 Interestingly, one third of the patients with diabetic kidney disease have marked tubular lesions and minimal glomerular alterations. 2 However, in this disease the role of the glomerulus has typically been examined in contrast to the tubular compartment, which has been scarcely studied despite it is earlier altered than glomeruli, as recently shown. 2, 3 In diabetes numerous underlying pathophysiological mechanisms have been described, but it is becoming clear that in this complicated metabolic disorder the increased oxidative stress, which is accompanied by augmented production of free radicals and/or impaired antioxidant defences, plays a central role in the development and progression of this disease. 4 Consequently, inadequate responses related to the systemic enzymatic and non-enzymatic antioxidant defences, including glutathione (GSH), and the enzymes glutathione peroxidase (GPx), glutathione reductase (GR), superoxide dismutase (SOD), and catalase (CAT) have been reported in diabetic patients. 5, 6 In this context, the redoxsensitive transcription nuclear factor erythroid 2-related factor 2 (Nrf2), among others, constitutes a key protein for modulating the antioxidant response. 7 kinases (MAPKs), sirtuin-1 (SIRT-1), 5´-AMP-activated protein kinase (AMPK), mammalian target of rapamycin (mTOR)], apoptosis (Bcl-2 family proteins, caspases), and autophagy (beclin-1, p62, LC3), among others. 7, 9, 10 Consequently, antioxidant therapies aimed to prevent the oxidative stress and the dysregulation of close-related processes (apoptosis, autophagy) might constitute a promising approach in the diabetic kidney disease.
Cocoa is a rich source of antioxidant compounds, mainly flavanols (epicatechin and procyanidins), and it is accepted as a powerful antioxidant food. [11] [12] [13] Different studies have also demonstrated that cocoa exerts antidiabetic effects related to the improvement of glucose tolerance and insulin sensitivity in diverse tissues on several animal models of diabetes and in humans. [14] [15] [16] [17] In addition, it has been reported that main cocoa flavanols, such as procyanindin B2, exerts renoprotective effects in diabetes by preserving the organ functionality and morphology. 18 In view of all this, it could be suggested that cocoa might modulate in the tubular compartment crucial processes involved in the development of the diabetic kidney disease, such as oxidative stress, autophagy and apoptosis. However to the best of our knowledge, the potential antidiabetic effect of cocoa related to the modulation of the mentioned key processes in the kidney in an in vivo model of type 2 diabetes remains to be evaluated. Therefore, this study was aimed at investigating the potential protective effect of a cocoa-rich diet on the redox status, autophagy and apoptosis, and to explore the underlying molecular mechanisms in the renal cortex of male Zucker diabetic fatty [ZDF; ZDF/crl-lepr (fa/fa)] rats. electrophoresis and Bradford reagent were from BioRad Laboratories S.A. (Madrid, Spain).
Cocoa
Natural Forastero cocoa powder (a kind gift from Idilia S.L., Barcelona, Spain) was used for this study. A detailed description of this cocoa is given elsewhere. 14, 19 Diets were prepared from an AIN-93G formulation (Panlab S.L., Barcelona, Spain) and provides all nutrients required by adult rats. The 10% cocoa diet was produced by adding 100 g/Kg cocoa to AIN-93G at expense of starch and cellulose. As a result, the cocoa diet was slightly richer in proteins (2.2%) and lipids (1.1%) but slightly inferior in carbohydrate (4.2%), to make both diets isocaloric (3612 Kcal/Kg diet). The rationale to select this cocoa dose is based on previous works in which beneficial effects, also against diabetes, have been shown. 14,19 20 The composition of the diets is given in Table   1 .
Animals and diets
Nine week-old male Zucker lean (ZL, n=8) and Zucker diabetic ZDF/crl-lepr fa (n=16) rats were purchased from Charles River Laboratories (L'Arbresle, France). These animals possess a mutation in the leptin receptor and spontaneously develop severe obesity, hyperglycaemia, hyperlipidaemia, and insulin resistance, being widely used as an animal model that mimics human type 2 diabetes. 21 The rationale to select the duration of the treatment is based on previous studies focused on renal pathophysiology 22 ; thus, in 9 weeks-old rats renal alterations could be slightly noticed (pre-diabetic animals), whereas an intermediate stage of the diabetic kidney disease that still it can be reverted, is observed in 20 week ZDF rats. 22 Rats were housed per groups Food intake was monitored daily and animal weight was weekly followed. At 20 weeks of age, rats were fasted overnight and sacrificed. Blood samples were collected, allowed to clot for 1 h and serum was separated by centrifugation at 1000g, 10 min, 4ºC for further biochemical analysis. Kidneys were collected and divided into two samples: one was fixed by immersion in paraformaldehyde (PFA) for immunohistochemical analysis and the other sample was frozen in liquid N 2 and stored at -80°C.
Biochemical analysis
Blood glucose was weekly determined using an Accounted Glucose Analyzer (LifeScan, Madrid, Spain). Serum insulin was analysed with a rat insulin ELISA kit with a detection limit lower than 0.15 ng/mL. Uric acid was evaluated with a colorimetric kit following the manufacturer's instructions.
Urine samples were collected over 24 h by placing the animals in metabolic cages three days before the end of the study. Animals had with free access to food and water. Urine samples were collected in ice-cold bottles, centrifuged at 1000g for 10 min at 4ºC.
Then, the supernatants were collected and stored at -80°C until assayed. Urinary albumin and creatinine were measured by latex turbidimetry and colorimetric kits, respectively, following the manufacturer's instructions. The estimated creatinine clearance per body weight was calculated according to the following formula: urinary creatinine (mg/dL) x urinary volume (mL/d)/serum creatinine (mg/dL) x (1000/body weight (g)) x (1/1440 (min)).
Determination of ROS and protein carbonyl groups
ROS were quantified as described based on the oxidation of DCFH assay to dichlorofluorescein (DCF) that emits fluorescence. 19 Protein oxidation of cortical renal homogenates was measured as carbonyl group content, as previously described. 19 Samples of frozen renal cortex were homogenized GSH content was quantitated by Hissin and Hilf fluorimetric assay, as previously described. 19 Renal cortex were homogenized (1:20, w/v) in 50 mM phosphate buffer pH 7.0, proteins were precipitated with 5% trichloroacetic acid and then centrifuged for 30 min at 10000g. The method is based on the reaction of GSH with OPT at pH 8. to the disappearance of NADPH by GR. 19, 23 GR activity was assayed by following the decrease in absorbance due to the oxidation of NADPH utilised in the reduction of oxidized glutathione. 19, 23 CAT activity was determined by the decomposition of H 2 O 2 as a decrease in absorbance at 240 nm. 19 ,23 SOD activity was assayed by using a commercial kit following the manufacturer's instructions. 19, 23 The assay is based on the capacity of SOD to reduce superoxide anion, couple with the disappearance of Dojindo's highly water-soluble tetrazolium salt (WST-1) to yield a dye. SOD activity was quantified by measuring the decrease in the absorbance at 440 nm. Protein concentration was measured by the Bradford reagent. immunoglobulin. Blots were developed with the ECL system (GE Healthcare).
Analysis of GSH content, and GPx, GR, CAT and SOD activities

Preparation of total cell lysates and Western blot analysis
Normalization of Western blot was ensured by β-actin and band quantification was carried out with a scanner and the Scion Image software.
Immunohistochemical analyses
Left kidneys were fixed in paraformaldehyde (4%), embedded in paraffin, and cut into with ImageJ v1.52j software (National Institutes of Health: rsb.info.nih.gov/ij) and the colour deconvolution plug-in. At least six sections per group were analysed. All slides were examined by two different researchers in a blinded manner. All areas were calculated from the mean of 10 cortical fields for each kidney.
Terminal deoxynucleotidyl transferase dUTP nick end labelling (TUNEL)
assay.
Apoptotic tubular cells were detected using the terminal transferase dUTP nick end labelling (TUNEL) procedure. Tissue sections after deparaffinization and rehydration were permeabilised with proteinase K (20 μg/mL) for 15 min at 37°C, and treated with 3% H 2 O 2 for 5 min to quench endogenous peroxidase activity. After thorough washing with phosphate buffer, sections were incubated with equilibration buffer for 10 min, followed by immediate application of TdT-enzyme working for 1 h at 37ºC in a humidity chamber. The reaction was stopped and the incorporated biotinylated nucleotides were detected by peroxidase conjugated streptavidin and subsequent staining with DAB and counterstaining with methyl green. The apoptotic index represents the proportion of cells undergoing apoptosis within a field divided by the number of total cells multiplied by 100 (400×). For each animal, total number of apoptotic cells and total number of cells/field were determined in 50 cortical fields for each kidney of each animal.
Statistics
Prior to statistical analysis, data were tested for homogeneity of variances by the test of Levene. For multiple comparisons, one-way ANOVA was followed by the Tukey test when variances were homogeneous or by the Tamhane test when variances were not 
Results
Cocoa-enriched diet improves body weight, and metabolic and renal functionality parameters.
Final body weight and total food intake were increased in both groups of ZDF rats in comparison to ZL animals ( Table 2) . Interestingly, initial body weight was similar in both diabetic animal groups, yet higher than in ZL rats. However, the final body weight of animals fed with cocoa diet (ZDF-Co) was reduced as compared to ZDF-C rats despite total food intake and total energy intakes were similar in both ZDF groups.
Moreover, ZDF rats showed higher levels of initial and final glycaemia, as well as final insulinaemia than ZL animals. Values for both parameters (glycaemia and insulinaemia)
were lower in ZDF-Co rats than in ZDF-C group at the end of the study despite the initial values of glycaemia were similar in both groups of diabetic animals ( Table 2) .
Likewise, cocoa-enriched diet reduced serum uric acid levels, and maintained lower values for this parameter in comparison to ZDF-C rats yet higher than ZL animals. In addition, both creatinine clearance and urinary albumin/creatinine ratio (ACR), which showed enhanced levels in ZDF rats when compared to ZL animals, were improved in the ZDF-Co group, displaying intermediate values to those of lean and diabetic rats ( Table 2 ). All these results could suggest that the cocoa-rich diet partly alleviates hyperglycaemia and hyperinsulinemia, and might contribute to ameliorate the renal dysfunction in ZDF rats. 
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Cocoa-rich diet averts enhanced ROS levels, protein oxidation and NOX-4 protein values in the renal cortex of ZDF rats.
Chronic hyperglycaemia results in oxidative stress and increased ROS production in diabetes, which could lead to an enhanced macromolecule oxidation. 4, 7, 8 In this line, NOX-4 is reported to be the major source of ROS in the kidneys during the diabetic kidney disease. 8 Therefore, to study whether cocoa could prevent these processes, ROS and protein carbonyl content, as well as NOX-4 levels were measured in the renal cortex of all animals.
ROS values and protein carbonyl content were increased in ZDF-C animals when compared to ZL and ZDF-Co rats, whereas both parameters were similar in ZL and ZDF-Co rats ( Fig 1A and 1B) . In concert, NOX-4 levels were enhanced in ZDF-C rats when compared to ZL animals, but this effect was partially repressed in animals receiving the cocoa rich-diet ( Fig 1C and 1D) . Altogether it suggests that cocoa could contribute to improve the redox status as reduced NOX-4 values, ROS generation and protein oxidation in the renal cortex of ZDF rats.
Cocoa-enriched diet modulates antioxidant defences in the renal cortex of ZDF rats.
In order to continue studying the redox status of the renal cortex in ZDF diabetic rats, GSH levels, key antioxidant enzymatic activities, and the phosphorylated levels of the transcription factor Nrf2, which is a redox sensor that plays a main role in counteracting the oxidative stress 7 , were analysed.
As shown in Fig 2A, GSH content and GPx and GR activities were not modified in any group of rats. However, SOD and CAT activities diminished in ZDF-C rats when compared to the lean group, although both enzymatic activities were restored to ZL values by feeding the animals with the cocoa-rich diet ( Fig 2B) . In concert, ZDF-C rats showed the lowest levels of nuclear p-Nrf2 of the three groups of animals, whereas ZDF-Co exhibited higher nuclear p-Nrf2 values than those of ZL rats ( Fig 2C) . Interestingly, p-Nrf2 was localized in the tubules in all groups of animals. All these results might indicate that cocoa-enriched diet modulates relevant antioxidant defences in the renal cortex of ZDF rats, which might contribute to counteract the oxidative stress in the diabetic animals.
Cocoa-rich diet regulates MAPK signalling in the renal cortex of ZDF rats.
MAPK activation has been related to enhanced oxidative stress in the renal cortex during diabetes and contributes to the promotion of the disease. 7, 18 Thus, phosphorylated and total levels of ERK, JNK and p38 were evaluated in the three groups of animals by Western blot. 
Cocoa-rich diet regulates AMPK, mTOR and SIRT-1 in the renal cortex of ZDF rats.
AMPK, SIRT-1 and mTOR have important cytoprotective roles in renal cells against different types of stress, and also during diabetes. 3, 24 Then, the modulation of these proteins by the cocoa-rich diet was studied, and total and phosphorylated levels of AMPK and mTOR, as well as total levels of SIRT-1 were assayed by Western blot or immunohistochemistry.
Phosphorylated levels of AMPK were diminished in ZDF-C animals in comparison to ZL and ZDF-Co groups (Fig 4A and 4B) . Accordingly, levels of total and phosphorylated mTOR increased in ZDF-C rats when compared to ZL and ZDF-Co animals ( Fig 4A, 4C and 4D ). Cocoa-rich diet totally restored to ZL values the altered levels of p-AMPK and mTOR; however, the ZDF-Co group showed a partial recovery of p-mTOR values, as these animals displayed levels intermediate to those of lean and diabetic rats. Indeed, the highest levels of p-mTOR were found in the tubulointerstitium area in the ZDF-C group, whereas this protein was clearly diminished in the renal cortex sections of ZL and ZDF-Co rats ( Fig 4D) . There was no difference in the total levels of AMPK among groups. Additionally, SIRT-1, which was localized in the mesangial area and in the tubular membrane, showed decreased levels in ZDF-C rats when compared to ZL group, but this effect was totally repressed in animals receiving the cocoa rich-diet ( Fig 4E) . All these results suggest that cocoa might contribute to prevent the injury in the renal cortex of ZDF rats against the stress insult by modulating key proteins closelyrelated to cellular protection.
Cocoa-enriched diet activates autophagy in the renal cortex of ZDF rats.
AMPK, mTOR and SIRT-1 also play a crucial role in the autophagy process, which is considered a general cellular response to stress that can directly induce cell death or act as a cytoprotective mechanism. 9,10 Indeed, induction of autophagy has been suggested as a therapeutic target in diabetes kidney disease. 9 Then, key autophagy proteins, such as p62, Beclin-1 and LC3 were studied by Western blot. As shown in Fig 5A and 5B , p62 levels increased in the renal cortex of ZDF-C rats when compared to ZL animals, but this effect was completely reverted in animals receiving the cocoa rich-diet. In contrast, values of Beclin-1 and LC3-II/LC3-I ratio decreased in ZDF-C animals in comparison to the lean group, whereas rats fed with the cocoa-rich diet showed higher levels than those of ZL group (Fig 5A, 5C and 5D ). All these results suggest that cocoa-rich diet might also contribute to protect the kidney through the induction of autophagy in ZDF rats.
Cocoa-rich diet modulates proliferation and apoptosis in the renal cortex of ZDF
rats.
During diabetes the situation of stress in renal tubular cells may lead to alterations in growth and apoptosis. 2, 10, 25 In fact oxidative stress and autophagy can contribute to the regulation of apoptosis during diabetes in the kidney. 10 Therefore, to get further insight into the mechanisms for the protective effect of cocoa intake in the renal cortex of ZDF rats, cell proliferation and apoptosis were analysed by PCNA and TUNEL assays, respectively, and key proteins related to the apoptotic process were evaluated by Western blot.
Cortical renal sections showed an increased level of PCNA positive cells, i.e. higher percentage of tubular proliferating cells in ZDF-C rats when compared to ZL group,
showing ZDF-Co animals intermediate values to those of lean and diabetic rats ( Fig 6A) .
Similarly, the representative photographs for TUNEL-positive cells showed a proapoptotic effect in the renal cortical tubular cells of ZDF-C rats, whereas cocoa intake totally prevented all these changes ( Fig 6B) . Besides, PCNA-and TUNEL-positive cells were scarcely observed in the glomeruli, being the majority of proliferating and apoptotic cells localized in the tubules (Fig 6A and 6B) . To better characterize the molecular mechanisms involved in these processes, the expression of anti-apoptotic (Bcl-x L ) and pro-apoptotic (Bax) members of the Bcl-2 protein family, as well as levels of cleaved caspases-9 and -3 were examined. As shown in Fig 6C-6E , ZDF-C rats presented decreased Bcl-x L expression values along with a concomitant increase in Bax levels. However, feeding animals with the cocoa-enriched diet raised Bcl-x L levels and reduced Bax values, displaying both proteins comparable values to those of ZL group (Fig 6C-6E) . Similarly, cleaved caspase-9 and -3 levels were enhanced in the ZDF-C group, and these values were restored to control levels (ZL) when animals received the cocoa-rich diet ( Fig 6C, 6F and 6G ). These findings indicate that cocoa-supplemented diet might also contribute to the renal protective effect by improving the cellular homeostasis in the renal cortex of ZDF rats, as prevented the enhanced proliferation and apoptosis observed in the diabetic animals (ZDF-C). 
Discussion
Oxidative stress is a major determinant for the development and progression of the diabetic kidney disease. 4 Thus, new candidates aimed to decrease or inhibit sources of ROS, to enhance antioxidant defences and to modulate processes related to the stress, such as apoptosis or autophagy, constitute a promising approach for the development of new strategies against the diabetic kidney disease. In this regard, cocoa has demonstrated antioxidant and antidiabetic activities. 11, 12, 26 However, insufficient investigation in vivo, especially at molecular level, has been performed to support these observations during the diabetic kidney disease.
The present work provides the first in vivo evidence that a cocoa-rich diet improves the Likewise, cocoa contributes to alleviate the renal injury through the regulation of the autophagy and apoptosis processes in the renal cortex of ZDF rats.
Diabetes is characterized by chronic hyperglycaemia along with hyperinsulinaemia at the early stage of the disease. 12, 19, 21 However, both parameters were partly alleviated to control values (ZL group) in those animals fed with the cocoa-rich diet. In this line, it has been reported that cocoa improves the glucose metabolism in different diabetic rodent models, as amended the glucose homeostasis and insulin sensitivity. 17, 19, 26, 27 Indeed, despite in the present work the glucose metabolism in the liver at the beginning of the study has not been examined, which could be considered as a limitation of the work, the effect of cocoa on this organ could not be ruled out, as well as its contribution to the glucose metabolism. In addition, in ZDF rats (ZDF-C and ZDF-Co) food intake increased in comparison to non-diabetic ZL animals, demonstrating the hyperphagic and obese state of ZDF animals. 14, 17, 21 Nevertheless, the body weight was lower in ZDF-Co rats when compared to ZDF-C animals, despite of total food intake was similar in both groups; this feature has been associated to the ability of cocoa polyphenols to reduce fat adipose tissue. 14, 16, 27 Clinically, the early stage of the diabetic kidney disease is characterized by renal hyperfunction and hypertrophy. 2 Indeed, the hyperfunctionality is accompanied by hyperfiltration, which explains the high levels of uric acid and creatinine, as well as the increased values of ACR as a consequence of the albuminuria in ZDF-C rats ( Table 2 ).
Food & Function Accepted Manuscript
All these changes were highly reverted by feeding ZDF rats with cocoa. Similarly, foods rich in flavanols (cocoa-enriched in flavanols and green tea) or pure flavanols alone, such as epigallocatechin-3-gallate (EGCG) and procyanidin B2 have demonstrated protective effects against diabetes-induced functional alterations of kidneys in different diabetic rodent models. 18, 28, 29 Hyperfiltration caused by the diabetic milieu activates a number of pathological pathways, such as oxidative stress-related routes, among others. 2, 7, 10 In this line, levels of ROS and the marker of protein oxidation (carbonyl groups) increased in ZDF-C rats, whereas these effects were prevented by the cocoa-rich diet. Accordingly, in ZDF-C rats increased levels of NOX-4, which is considered the main source of ROS during this disease, were highly recovered to ZL values by feeding the animals with cocoa. The exacerbated oxidative stress observed in ZDF-C rats led to a depleted antioxidant defence system (reduced SOD and CAT activities, and decreased nuclear p-Nrf2 levels), Excessive oxidative stress results in the activation of different pathways, including MAPKs. 7 In concert, high levels of phosphorylated-ERK-MAPK have been demonstrated during the diabetic kidney disease in rats. 18, 36, 41 Similarly to the current study, feeding diabetic animals with anthocyanins, procyanidin B2 or EGCG abolished have also been related to increased levels of Nrf2 and its downstream antioxidant targets in diabetic complications. 44 Consequently, the activation of the AMPK-SIRT-1 signalling has been connected to an improved redox status and organ functionality in the kidney of diabetic rodents. 32, 44 Impaired autophagy is associated to decreased AMPK, which leads to the activation of the mTOR pathway, and diminished levels of SIRT-1 9 , as shown in the present work for ZDF-C diabetic rats. Importantly, autophagy plays a crucial role in the pathogenesis of the diabetic kidney disease, as it is an essential mechanism to maintain the homeostasis of tubules and glomeruli in the renal cortex. 9 Thus, reduced autophagy and enhanced levels of p62 have been reported in renal cortical cells of diabetic animals and patients. 25, 45 Accordingly, accumulation of p62, and decreased levels of Beclin-1 and LC3-II/LC3-I ratio were observed in ZDF-C rats. However, the inhibition of autophagy was prevented by feeding the animals with cocoa. These results were associated to recovered levels of AMPK and SIRT-1, and diminished values of mTOR when compared to ZDF-C group. Correspondingly, the flavonoid resveratrol has been reported to activate renal AMPK and SIRT-1 and to reverse the mTOR stimulation, which in turn activated the autophagy and contributed to ameliorate the renal injury in diabetic animals. 46, 47 Oxidative stress and autophagy dysregulation are also related to apoptosis, and both processes can contribute to favour this type of programmed cell death in the kidney during diabetes. 3,10 Accordingly, ZDF-C rats showed a deteriorated antioxidant system, a reduced autophagy flux, increased levels of active caspases-3-and -9, as well as enhanced values of Bax concurrently with diminished expression of Bcl-x L , and consequently, augmented apoptotic index (TUNEL), together with an increased proliferative index (PCNA), as previously shown in renal tubules of diabetic animals. 28, 48 Indeed, the enhanced proliferation in the renal cortex has been associated to the early tubular hypertrophy and hyperplasia, as a consequence of the renal hyperfunctionality. 2 However, the altered cell turnover (proliferative-apoptotic levels)
was highly or completely prevented by feeding the animals with cocoa, which was also associated to an improved redox status and to a renoprotective effect. Similarly, the antidiabetic drug pioglitazone and the triterpenoid betulinic acid showed antiapoptotic and antiproliferative effects in the kidney of diabetic rats, which alleviated the injury in the organ. 32,48 Quercetin-rich juice, procyanidins, EGCG and anthocyanins also prevented the oxidative stress-induced damage and restored the redox status in diabetic animal and renal cellular models through the inhibition of apoptosis (diminished levels of cleaved caspase-3). 28, 41, 42, 49 In this line, catalase overexpression in proximal tubules of transgenic diabetic mice has been shown to attenuate tubular apoptosis. 50 Likewise, it could be highlighted that the restored levels of SIRT-1 and AMPK showed after treatments with procyanidins in in vivo and in vitro renal diabetic models have not only been related to an inhibition of oxidative stress, as mentioned, but also to a suppression of apoptosis, which led to an ameliorated damage in renal cells. 31, 42 Finally, administration of food rich in flavonoids or natural compounds, such as quercetin-rich juice or resveratrol also contributed to restore the balanced activity of autophagy and apoptosis in the kidney of diabetic animals and to improve the functionality of the organ 46, 47, 49 ; therefore, it has been suggested that autophagy induction to an appropriate level could be beneficial for the treatment of this renal disease. 51 Interestingly, the health beneficial effects of cocoa have been mainly related to its flavanols, although a role for the fibre should be considered. In this line, it has been recently reported that most of the beneficial effects attributed to cocoa are not only due to its fibre content, and polyphenols and other compounds could also be key factors. 52 Thus, epicatechin and procyanidins seem to contribute in the maintenance of renal function and structure during diabetes. 17, 33, 35, 42 In addition, theobromine alone can protect against uric acid crystallization 53 , and in combination with cocoa flavanols enhance their protective vascular effects 54 , which also seem to participate in the preservation of kidneys. It also is worth to mention that, using the body surface area normalisation method 55 , the amount of cocoa employed in the present animal study is equivalent to a daily dose of 64.5 g cocoa, containing 1075 mg polyphenols, for a 60 Kg human. Although this total phenolic intake could be considered realistic, the amount of cocoa required is certainly above a recommended individual ingestion. Accordingly, a human intervention trial has been conducted using 20 g/d of polyphenol-rich dark 
Conclusions
In summary, the present work shows for the first time that in the renal cortex cocoa 
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